Differences in the unfolding of procerain induced by pH, guanidine hydrochloride, urea, and temperature.
The structural and functional aspects along with equilibrium unfolding of procerain, a cysteine protease from Calotropis procera, were studied in solution. The energetic parameters and conformational stability of procerain in different states were also estimated and interpreted. Procerain belongs to the alpha + beta class of proteins. At pH 2.0, procerain exists in a partially unfolded state with characteristics of a molten globule-like state, and the protein is predominantly a beta-sheet conformation and exhibits strong ANS binding. GuHCl and temperature denaturation of procerain in the molten globule-like state is noncooperative, contrary to the cooperativity seen with the native protein, suggesting the presence of two parts in the molecular structure of procerain, possibly domains, with different stability that unfolds in steps. Moreover, tryptophan quenching studies suggested the exposure of aromatic residues to solvent in this state. At lower pH, procerain unfolds to the acid-unfolded state, and a further decrease in the pH drives the protein to the A state. The presence of 0.5 M salt in the solvent composition directs the transition to the A state while bypassing the acid-unfolded state. GuHCl-induced unfolding of procerain at pH 3.0 seen by various methods is cooperative, but the transitions are noncoincidental. Besides, a strong ANS binding to the protein is observed at low concentrations of GuHCl, indicating the presence of an intermediate in the unfolding pathway. On the other hand, even in the presence of urea (8 M), procerain retains all the activity as well as structural parameters at neutral pH. However, the protein is susceptible to unfolding by urea at lower pH, and the transitions are cooperative and coincidental. Further, the properties of the molten globule-like state and the intermediate state are different, but both states have the same conformational stability. This indicates that these intermediates may be located on parallel folding routes of procerain.